Fascioliasis is a chronic helminthic disease predominant in domestic ruminants (13, 22, 26) . It is now emerging as an important chronic disease of humans (1, 2, 5, 15, 17) .
Diagnosis of Fasciola hepatica infection has traditionally relied on detecting the presence of eggs in fecal samples, but this method is unreliable and complicated (7, 18) . At present, the routine diagnosis of human fascioliasis is based on the detection of antifluke antibodies in serum. Methods such as immunoelectrophoresis (6) and counterimmunoelectrophoresis (14) , although they are very specific, have limited sensitivity. The diagnosis was improved by the development of enzymelinked immunosorbent assay (ELISA), using crude extracts (17) , excretory-secretory products (10, 23) , and purified or recombinant molecules such as cathepsin L-1 (21, 25) and by the detection of circulating antigens and coproantigens by sandwich ELISA (8) .
We report the use of the ELISA technique and its modification as micro-ELISA for the serodiagnosis of human fascioliasis employing excretory-secretory products from adult F. hepatica.
Flukes were obtained from naturally infected bovine livers and treated following the technique described by Rivera Marrero et al. (23) . Briefly, the flukes were washed three times with 0.01 M phosphate-buffered saline (PBS) (pH 7.2) and incubated at 37°C for 3 h in PBS containing 0.8 mM phenylmethylsulfonyl fluoride, 400 U of aprotinin per ml, and 0.1 mM dithiothreitol (one worm/5 ml). The suspension containing the excretory-secretory antigen of F. hepatica (FhESA) was centrifuged at 4°C (13,000 ϫ g) for 2 h. Protein concentration was measured by the Bradford method (4).
One hundred negative sera were obtained from individuals living in areas where the worm is not known to exist and who did not recall any possible contact. Human positive sera (n ϭ 22) were obtained from people diagnosed with F. hepatica infections identified by coprological analysis, surgical observa- The ELISA for the detection of antibodies to FhESA was performed essentially according to the protocol of Espino Hernandez et al. (11) . FhESA was employed at a concentration of 40 g/ml. Human sera were used at a 1:800 dilution, and peroxidase-conjugated anti-human IgG was used at 1:3,000. The substrate was 2,2-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (Sigma, St. Louis, Mo.). Plates were read on a Dynatech MR4000 plate reader at an absorbance of 410 nm.
The micro-ELISA was carried out by modification of the procedure previously described by Rosenzvit et al. (24) . Glass slides covered by polystyrene (Cel-Line Associates, Inc., Newfield, N.J.) were used for this assay. Ten microliters of FhESA (20 ng/l) was placed in each well. Slides were allowed to air dry, and then they were blocked with 10 l of 0.01 M PBS (pH 7.2) containing 1.5% nonfat milk (PBS-M) per well and incubated for 40 min. Slides were washed twice (5 min each) with PBS and air dried. They were stored at 4°C until required, up to 1 year. Sera were diluted 1:600 in PBS-M, and 10-l samples were placed in the wells. Then they were incubated for 20 min, rinsed in PBS, washed twice in PBS for 5 min each, and air dried. Immunoglobulin anti-human IgG peroxidase conjugate was diluted in PBS-M and 10 l was spotted in each well. Incubation and washing steps were repeated and a final rinse in distilled water was added. Slides were air dried, and 5 l of a substrate solution of ortho-phenylenediamine was placed in each well. Absorbance at 495 nm was read on a Metrolab 970 microplate reader. Absorbance measurement was carried out only for positive and negative control sera. For samples corresponding to other parasitic and nonparasitic infections, the reaction was visually evaluated.
The data collected were compared by regression, correlation, and analysis of variance. P values lower than 0.05 were considered significant.
ELISA results from patients with and without evidence of fascioliasis were examined by plotting the frequency of absorbance measurement as a histogram (Fig. 1A) . The mean A 410 of the negative control group was 0.12, with a standard deviation (SD) of 0.08 and a range between 0.01 and 0.32. Sera from patients with fascioliasis showed a range of A 410 values between 0.38 and 0.79, with a mean value of 0.52 (SD, 0.08). The cutoff point was 0.35 (Fig. 1) . Sera from patients with other diseases (Fig. 1B) showed a range of A 410 values between 0.02 and 0.29, with a mean value of 0.10 (SD, 0.07). The mean was not significantly different from that obtained for the negative control group (P Ͼ 0.05). All samples showed absorbance values lower than the calculated cutoff point, avoiding falsepositive determinations. The sensitivity and the specificity for this assay were 100%.
For the micro-ELISA we performed two steps of analysis: in the first, we considered only the positive and negative control groups and determined absorbance values, and in the second, we included the group of patients with other infections and evaluated the results by visual observation. In the first step, Fig. 2) , and no false-negative results were observed. When positive sera for other infections were visually analyzed to determine cross-reactivities, 12 of 50 (25%) of the samples positive for hepatitis B and 5 of 28 (18%) of the samples positive for hepatitis C were seropositive by this test. These results give a sensitivity of 100% and a specificity of 97% for the micro-ELISA. Regression and correlation analysis of the data for positive and negative control individuals showed that there was a highly linear relationship between ELISA and micro-ELISA (r 2 ϭ 0.971, P Ͻ 0.05).
In previous studies, ELISA was shown to be a useful tool for diagnosing human fascioliasis (3, 7, 9, 12, 15, 16, 19, 20, 27) , and it was demonstrated that antibody levels to FhESA remain uniformly high in all infected patients during prepatent and patent phases (8) . In this study we evaluated two methods, ELISA (with only a few modifications made to the previously reported assays) and micro-ELISA, for the immunodiagnosis of human fascioliasis.
Both methods identified all patients that actually shed eggs or contained worms in the bile duct. No false-negative sera were encountered. ELISA was more specific than micro-ELISA, as the latter method scored 3% of false-positive samples corresponding to hepatitis B or C but not hepatitis A. This difference in cross-reactivity between the two methods is difficult to explain. There are no reports that evaluate immunoenzymatic assays for F. hepatica using sera positive for hepatitis.
We should consider the application of these methods under specific conditions. It is reasonable to assume that the micro-ELISA could be applied as a screening test when a large number of samples are involved, because of its low consumption of reagents (especially antigens and second-antibody conjugates). The conventional ELISA could be employed as a confirmatory test following micro-ELISA analysis.
